Purpose This cross-sectional study was designed to explore potential factors associated with perceived cognitive impairment (PCI) in breast cancer survivors compared to controls and gain insight into perceived levels of severity for cognitive complaints. Methods Women (N=363, 317: breast cancer, 46: healthy controls) completed demographic questionnaire, MD Anderson Symptom Inventory, Attentional Function Index, and Functional Assessment for Cancer Therapy-Cognition. Group classification included pre-chemotherapy, current chemotherapy, and postchemotherapy (<1, >1-<2, >2-<5, >5 years). Results A significant group effect was seen for PCI (F 6, 355 = 7.01, p<0.0001). Controls reported less PCI than all other groups. Neuropathy was inversely correlated with PCI (r= −0.23; p<0.0001) for participants with breast cancer. A significant association was demonstrated between exercise frequency and PCI in women exposed to chemotherapy (F 3, 135 = 3.78, p<0.05). A multiple linear regression model built using forward selection methods explained 24 % of the variance (adjusted R 2 ) for PCI in breast cancer participants and included group, body mass index (BMI), exercise, fatigue, and distress. Exercise frequency moderated the relationship between BMI and PCI for breast cancer participants (F 3, 198 =2.4, p= 0.07) and reduced the negative effects of high BMI. The moderating effect of exercise was significant (F 3, 133 =3.1, p=0.03) when limited to participants exposed to chemotherapy. Conclusions PCI decreased for women >5 years postchemotherapy. Overweight survivors who exercised frequently reported less PCI than sedentary survivors. Study results provide support for a relationship between BMI and PCI in breast cancer survivors and exercise as a potential intervention for cognitive complaints. Further investigation of the influence of weight and exercise on cognitive function is warranted.
Introduction
Cancer and cancer treatment-related effects on cognitive function are common concerns for breast cancer survivors (National Institute of Health definition of survivorship: from the time of diagnosis through the balance of life) [1] . The majority of breast cancer survivors report some degree of cognitive dysfunction after completion of chemotherapy [2] . A subset of cancer survivors who receive chemotherapy (frequency estimated at 17-34 %) appear to experience long-term cognitive impairment [3] . Long-term cognitive sequelae have been documented as late as 20 years following the completion of therapy for women with breast cancer [4] .
Survivors describe cognitive changes such as forgetfulness, absentmindedness, and an inability to focus when performing daily tasks [5] . Complaints also include difficulty with shortterm memory, word-finding, reading comprehension, driving/ directional sense, and concentration [6] . A variety of mechanisms have been proposed for the development of cognitive impairment, including cytokine-induced inflammatory response, deficits in DNA-repair mechanisms, genetic predisposition [3] , chemotherapy-induced anemia, chemotherapyinduced menopause [7] , and injury to neural progenitor cells [8] . Cognitive impairment experienced prior to receiving treatment for cancer has been hypothesized to be due to the release of cytokines associated with tissue damage from the tumor [9] . Cognitive impairment perceived prior to treatment for breast cancer also may be influenced by the impact of the cancer diagnosis on mood states (such as anxiety and depression) and the resultant impact on the capacity to direct attention [10] . Results of previous research also suggest relationships between perceived cognitive impairment (PCI) and fatigue, sleep disturbance, and neuropathy for survivors who have received chemotherapy [6, 11] .
The potential role of inflammatory cytokines as a causal mechanism for cancer and cancer treatment-related cognitive complaints is intriguing. Chronic inflammation is associated with a negative effect on the neural systems involved in cognition and memory and has been linked to obesity [12, 13] . Obesity is a risk factor for breast cancer, disease recurrence, and poor prognosis [14, 15] . Weight gain is common for women receiving chemotherapy for breast cancer [16, 17] . The chronic inflammatory state associated with obesity may contribute to the risk of cognitive changes in this population as has been seen pre-clinically [12] and in populations with other disorders such as the metabolic syndrome that is linked to cardiovascular risk factors [18] .
Exercise is associated with improved cognitive function in older adults [19] [20] [21] and may be of benefit for individuals suffering from Alzheimer's disease and dementia [22] [23] [24] . Exercise is a strategy employed by some breast cancer survivors to attempt to decrease PCI [6] , and evidence is building in support of exercise as an intervention for cancer-associated cognitive complaints [25] [26] [27] [28] [29] [30] [31] [32] . The NCCN guidelines recommend regular exercise and strength training for cancer survivors and recently added routine exercise as one of the general strategies for management of cancer-associated cognitive dysfunction [33] . Breast cancer survivors' patterns of exercise may be predictive of cognitive complaints during and after treatment for breast cancer. A number of factors may contribute to the development and experience of cognitive impairment for breast cancer survivors, including age, education level, menopausal status, endocrine (antiestrogen) therapy, time since radiation therapy, and time since general anesthesia [34, 35, 10, 36, 11, 6] .
The purpose of this cross-sectional study was to explore potential factors associated with PCI in breast cancer survivors compared to healthy controls and to gain insight into perceived levels of severity for cognitive complaints. The potential factors of interest included age, education level, group (based upon chemotherapy exposure), time since radiation therapy, time since general anesthesia, antiestrogen therapy, fatigue, sleep disturbance, neuropathy, depression, distress, body mass index, and exercise.
Methods

Recruitment
Upon approval by the University of Kansas Human Subjects Committee, women with breast cancer and healthy controls (from 24 states) were enrolled by recruitment and referral efforts across the USA. IRB approved study synopses, and flyers were used by participating sites, survivorship focused newsletters, and members of Oncology Nursing Society Chapters to recruit or refer eligible women. Eligible participants were required to be adult women able to speak, read, and understand English. All stages of breast cancer, previous and current endocrine (antiestrogen) therapy, and neoadjuvant chemotherapy were accepted. Exclusion criteria included chemotherapy for or a history of a previous malignancy, myeloablative chemotherapy regimens administered in conjunction with bone marrow or stem cell transplant, central nervous system metastases, mental illness, dementia, or Alzheimer's disease.
Instruments
Participants were given the option to complete an electronic or hard copy questionnaire (identical forms) comprised of demographic information, the MD Anderson Symptom Inventory (MDASI) [37] , the Functional Assessment of Cancer Therapy for Cognition (FACT-COG) version 3 [38] , and the Attentional Function Index (AFI) [39] . These instruments have been tested in the oncology population and are psychometrically sound [39, 37, 38] .
The MDASI symptom severity scale items for fatigue, disturbed sleep, feelings of distress, numbness, or tingling (neuropathy), and feeling sad (depression) were included in the analysis. These items are ranked from 0 (not present) to 10 (as bad as you can imagine). Three of the four scales were scored from the FACT-COG including perceived cognitive impairments (PCI-18 items; 0 =never, 4= several times a day), perceived cognitive abilities (PCA-7 items; 0=not at all, 4=very much), and impact on quality of life (QOL-4 items; 0=not at all, 4=very much). Higher scores on the FACT-COG equate to higher perceived cognitive function (due to reverse coding). Use of the AFI provides assessment of perceived losses in the capacity to direct attention [39] . Individual items are ranked from 0 (not at all) to 10 (extremely well). The mean overall score for the AFI was used as an additional measure of cognitive function for the study (attentional fatigue). Participants also were asked to rate difficulty driving, difficulty with reading comprehension, balance, and coordination on a 0-4 scale (0=never, 4=several times a day) based on issues raised by participants in previous research and the lack of items addressing these concerns on available validated instruments [6] . Demographic information included participants' self-report of height and weight (used to calculate BMI), age, menopausal status, education level, work status, marital status, ethnicity, race, previous or current antiestrogen therapy, history of general anesthesia and radiation therapy, and current exercise patterns (type, frequency, and duration). Participants also reported type and duration of chemotherapy regimen, including date of completion (used to calculate time since chemotherapy). Participants were classified into seven groups based on exposure to chemotherapy: control, pre-chemotherapy, current chemotherapy, and postchemotherapy (<1, >1 to 2, >2 to 5, >5 years). We chose this classification system based on research results indicating that a subset of survivors continue to experience cognitive complaints past 1-2 years of completing chemotherapy [40] . Our goal was to try to capture (albeit cross-sectionally) a sense of the trajectory of cognitive improvement over time.
Statistical analyses
This study was powered for the primary outcome of PCI: A sample size of 224 subjects (32 per cohort) was required to detect an effect size of 0.52 for PCI using a one-way analysis of variance model with 80 % power at the 5 % level of significance. All other analyses were considered hypothesis-generating. Baseline demographic and clinical characteristics are described using means and standard deviations for continuous variables (or in the presence of skewness or outliers, by medians and interquartile ranges (IQR)); for categorical variables, frequencies and percentages are reported. To test for differences in PCI among groups, ANOVA with weighted least squares was used to account for the heterogeneity in variances observed between groups (Levene's test p<0.05). All pairwise comparisons of PCI between groups were tested using Fisher's least significant difference method. Weighted least squares regression was used to test for an association between time-since-chemotherapy (continuous) and PCI scores in chemo-exposed breast cancer participants. Bivariate associations between continuous variables were examined using Pearson's product-moment correlation coefficient. If skewness was identified, Spearman's rank-sum correlation coefficient was substituted. Pearson's chi-square test was used to identify significant bivariate associations between categorical variables. Fisher's exact test was used for situations where cell counts were too small for valid inferences based on the chi-square statistic. Bivariate associations between categorical and continuous outcomes were assessed using ANOVA (or Wilcoxon tests, if assumptions were violated). Forward stepwise regression procedures were used to build a model for PCI from a set of potential covariates. Maximized adjusted Rsquare and minimized Akaike information criterion (AIC) and Bayes information criterion (BIC) were used to select the best model. Because the amount of missing data was small relative to the size of the study (1 case in 363), case-wise deletion was used for missing data for the primary aim of the study. A description of the missingness rates for other variables is included in Table 1 . No significant differences between subjects with complete versus incomplete data were found. All analyses were performed using SAS® version 9.4.
Results
Sample
Our sample was comprised of 363 women, including 317 diagnosed with breast cancer and 46 healthy controls (Table 1) . No significant differences were seen between the seven groups with the exception of age and BMI. Participants >5 years out from completion of chemotherapy were 8-12 years older than participants in all other groups (p<0.05). The majority of participants were Caucasian (92 %), married (69 %), postmenopausal (79 %), educated at the college level or above (80 %), and worked full time (78 %). The majority of participants with breast cancer were diagnosed with stage II disease (n=133). Women receiving chemotherapy had, on average, higher BMI (mean BMI=29.8) than those who were no more than 1 year removed from chemotherapy (mean BMI 27.4 kg/m 2 ; mean difference 2.4; 95 % CI 0.04-4.7; p<0.05) and >5 years (mean BMI 27.2 kg/m 2 ; mean difference 2.6 kg/m 2 ; 95 % CI 0.12-5.2; p<0.05) from completion of chemotherapy.
PCI
PCI was found to be highly positively associated with time since chemotherapy in breast cancer participants with chemotherapy (t=2.77, p=0.0062). A significant overall group effect was found for PCI (F 6, 355 =7.01, p<0.0001). Mean PCI scores were significantly better for healthy controls than any other group (Table 2) . Even participants classified as prechemotherapy showed a 7.4 point deficit in PCI scores, on average, when compared to healthy controls (95 % CI=0. 4, 14.4) . This deficit in PCI scores increased for breast cancer Exercise definition: physical activity that is planned, structured, and repetitive for the purpose of conditioning any part of the body subjects who had been or currently were being treated with chemotherapy, but the difference appeared to decrease for subjects who were 5 or more years postchemotherapy. Further statistically significant differences in mean PCI were identified between breast cancer subjects pre-chemotherapy and (1) those 1 or fewer years out from chemotherapy and (2) those >1 to 2 years out from chemotherapy, with pre-chemotherapy subjects scoring 8.3 points higher, on average, than the former (95 % CI=2, 14.7) and 12 points higher, on average, than the latter (95 % CI=5.3, 18.7). Similarly, attentional function index (overall AFI score-higher scores equate to less attentional fatigue) scores were higher for the healthy control group, although significant differences were noted only for participants currently receiving chemotherapy, 1 or fewer years out from chemotherapy, and >2 years to ≤5 years of completion of chemotherapy.
PCA and QOL
Significant overall group effects also were found for PCA and QOL (PCA: F 6, 354 =3.10, p=0.006; QOL: F 6, 354 =2.3, p= 0.04). Healthy controls' mean PCA scores did not differ from participants scores prior to receiving chemotherapy but were significantly higher than participants who were <1 year or within 2 to 5 years of completing chemotherapy (see Table 3 ). Participants who were >5 years from completing chemotherapy scored higher on the PCA scale than those <1 year or between 2 and 5 years of completing therapy. Significantly better QOL was reported for healthy controls compared to participants within 1 year or between 2 to 5 years of completing chemotherapy (see Table 3 ). Better QOL was demonstrated prior to chemotherapy than for participants who were within 2 to 5 years of having completed therapy. Participants who were >5 years from completing chemotherapy reported better QOL than those who were within 2 to 5 years.
Additional instrument items
Participants were asked to rank four symptom items not included in the validated study instruments related to directional sense and concentration when driving, reading comprehension, balance, and coordination. Significant associations with PCI were seen for each of these items: difficulty with direction (F 1, 354 =23.49, p<0.0001), difficulty with driving (F 1, 354 = 11.89, p<0.0006), difficulty with reading comprehension (F 1, 354 =237.92, p<0.0001), and balance (F 1, 354 =16.39, p < 0.0001). The association with coordination was not significant.
Bivariate associations of symptoms with perceived cognitive impairment
Prior to building the final regression model, bivariate associations among factors and outcomes were investigated across study cohorts to identify multicollinearity among factors, determine the factors most highly correlated with PCI, and reduce the number of candidates for the model building process. Significant correlation was demonstrated between neuropathy and PCI (r=−0.23; p<.0001) for participants with breast cancer. More specifically, correlation between neuropathy and PCI was noted for pre-chemotherapy participants (r=−0.48, p<0.001) and participants who were receiving or had completed chemotherapy (r=−0.19, p<0.01). Participants who reported receiving taxanes (n=214) reported more neuropathy (F=7.7, p<0.01) than those who did not receive taxanes (n=149). Participants who received taxanes reported significantly worse PCI (F=33.1, p<0.01). Significant correlations were seen for both PCI and AFI with fatigue (r = −0.41, p < 0.001; r = −0.32, p < 0.001), sleep disturbance (r = −0.32, p < 0.0001; r = −0.32, p < 0.0001), and 
Regression modeling
The multiple linear regression model for PCI was built, limited to breast cancer participants only, with forward selection methods identifying the most parsimonious and relevant model. Education level, menopausal status, time since general anesthesia, and stage of disease were not identified as important covariates to model. The final model explained 24 % of the variance (adjusted R
2
) and included the following predictors of PCI: group (time since chemotherapy), BMI, exercise, fatigue, and distress (see Table 4 ). Further analysis was conducted to explore an interaction between BMI and exercise frequency related to PCI for women with breast cancer. In breast cancer participants (pre-chemo, current chemo, and postchemo), exercise appeared to reduce the negative effects of high BMI on PCI; that is, as exercise frequency increased, the relationship between BMI and PCI disappeared (F 3, 198 = 2.4, p=0.07, Fig. 1a) . Breast cancer survivors who reported relatively sedentary lifestyles (monthly exercise) saw greater declines in PCI scores (worse perception of cognitive function) as BMI increased than those who reported regular exercise (daily). When limited to chemo-exposed breast cancer survivors, this moderating effect of exercise became more apparent (F 3, 133 =3.1, p=0.03, Fig. 1b) . This relationship was not seen in healthy controls (F 3, 32 =0.6, p=0.6).
Discussion
The study results provide further evidence for the presence of cognitive complaints prior to receiving chemotherapy for breast cancer, an increase in cognitive complaints during treatment and an overall decrease in cognitive complaints over time. Mean PCI scores for women >5 years out from completion of chemotherapy were not statistically different than women prior to receiving chemotherapy, although scores remained worse than healthy controls. The study results are consistent with recent work published by Sanford et al. (2014) that indicated that PCI scores less than 59 (out of the total of 72 points for the PCI subscale) were indicative of significant PCI [41] .
A significant negative rating for quality of life was demonstrated within 5 years of receiving chemotherapy. However, mean QOL scores for women who were >5 years out from chemotherapy did not differ significantly from the healthy controls. The cross-sectional design of the study prevents making individual longitudinal assessments of PCI and QOL but does provide some indication of risk factors associated with PCI and longer term sequelae. Variables of particular interest included neuropathy, BMI, and exercise patterns.
Preliminary qualitative work conducted by Myers [6] involved interviews for 18 breast cancer survivors within 6 to 12 months of completing chemotherapy who reported cognitive impairment. Eight of these participants had experienced neuropathy as a result of the chemotherapy and five noted residual numbness at the time of the interviews. In the current study, significant correlation was seen between neuropathy and participants' reports of worse cognitive function (lower mean PCI scores indicate more cognitive complaints) for participants with breast cancer over all as well as prior to, during, and following chemotherapy. Neuropathy also was correlated with fatigue, sleep disturbance, and distress. As expected, neuropathy was associated with taxane therapy; however, we also demonstrated that women who received taxanes reported worse PCI. Neuropathy was not included in the regression model due to redundancy with fatigue and distress once sleep disturbance was dropped from the model. However, the strong correlation of neuropathy with PCI in the current study is intriguing and warrants further study in future longitudinal research. Exploration of potential mechanisms associated with peripheral neurotoxicity may be of interest. Neuropathy reported by healthy controls and women with breast cancer prior to receiving chemotherapy presumably was due to comorbid conditions such as diabetes. Significant associations with PCI were seen for the nonvalidated items related to difficulty with direction, driving, reading comprehension, and balance. Further expansion of the FACT-COG items has since led to the development of two Patient Reported Outcomes Measurement and Information System (PROMIS) v1.0-Applied Cognition-Abilities and Applied Cognition-Concerns [42] . The PROMIS item bank now includes an item related to following driving directions. Further investigation of items concerning reading comprehension, the mechanics of driving, and balance may be warranted.
Exercise frequency was shown to correlate with participants' mean PCI scores. Women who were exposed to chemotherapy (currently receiving or completed) who exercised more frequently reported less severe cognitive complaints. Interaction effects were examined for BMI and exercise frequency with PCI. Interestingly, a moderating effect for exercise frequency was demonstrated for the impact of BMI on Fig. 1 a Interaction effect for BMI, exercise, and PCI in breast cancer survivors. b Interaction effect for BMI, exercise, and PCI in breast cancer survivors exposed to chemotherapy PCI. These results are hypothesis generating for the impact that obesity has on cognitive function for women with breast cancer and particularly those who receive chemotherapy. Additionally, these results lend support to the potential benefit of regular exercise as an intervention to mitigate the cognitive complaints associated with breast cancer and chemotherapy.
The study results were unexpected in a few areas. The inverse relationship between age and PCI seen in healthy controls (younger participants reported better cognitive function) was contrasted by the positive relationship between age and PCI seen for women with breast cancer (younger women reported worse cognitive function). Cognitive decline is well documented for elderly adults [43] and is consistent with the study results demonstrated here. However, fewer cognitive complaints were noted for older women with breast cancer. A similar result has been seen in previous studies and the authors' speculated that the subtle cognitive changes associated with treatment for breast cancer are more noticeable for younger women who are still working and faced with balancing multiple tasks as compared to older women who may be retired and facing less cognitively challenging activities or less demanding life roles, or better able to cope with stressors due to life experience [10] . Other potential explanations may be the general recovery over time that was demonstrated for study participants who were further out from completion of chemotherapy or the response shift phenomenon that may occur for individuals who experience a health state change [44] .
A number of study limitations must be acknowledged. Information was not collected regarding the presence of comorbid conditions (such as diabetes) beyond questions relating to the exclusion criteria for dementia, Alzheimer's disease, or central nervous system metastases. Interpretation of results is limited by the cross-sectional study design. The study was appropriately powered to answer the primary aim, which was to explore potential predictors of perceived cognitive impairment (PCI) for breast cancer survivors compared to healthy controls and to gain insight into perceived levels of severity for cognitive complaints. All other analyses were exploratory. Prospective, longitudinal studies will provide stronger evidence than a cross-sectional examination of participants' PCI ratings for specific time points prior to, during, and following chemotherapy. This study was based upon participants' self-report of cognitive function as opposed to conducting neurocognitive tests. However, due to the limited sensitivity of available neurocognitive tests for cancer and cancer therapy-related cognitive impairment [45] , and the evidence that survivors' reports of cognitive changes precede objective evidence by neuroimaging [46] , survivors' perceptions of cognitive function provide valuable data and are an important study endpoint. Our study was limited to survivors' perceptions of global cognitive functioning. Future examination of survivors' perceptions of functioning in specific cognitive domains also would be of interest. BMI was calculated from participants' self-report of height and weight. Thus, the potential for underestimation or overestimation of BMI exists. However, results of previous research indicate that correlation between self-reported height and weight and clinical measurements is high (above 90 %) [47] . Perhaps a more important study limitation is the lack of a measure of visceral fat (such as waist to hip ratio or sagittal abdominal diameter). Visceral fat has been shown to be a stronger predictor of the chronic inflammation associated with obesity and metabolic syndrome than BMI and thus may be more pertinent to assess in research investigating cognitive function. A recent publication of preliminary research indicated a significant correlation between visceral abdominal fat and deficits in verbal learning and memory for healthy adult women of reproductive age [48] .
Our study results are consistent with previous research indicating the presence of perceived cognitive impairment prior to treatment for breast cancer, worsening of PCI during treatment, and some improvements in PCI over time following treatment. Additionally, our results provide support for a relationship between BMI and PCI in breast cancer survivors and suggest that exercise may mitigate the impact of BMI on cognition. Further investigation of the influence of weight and exercise on cognitive function is warranted as is the examination of potential mechanisms underlying the relationship between obesity and cognitive function in breast cancer survivors. Investigation of the influence of chronic inflammation associated with obesity and with the body's response to cancer and cancer therapy may lend support to relevant interventions to manage this problem.
